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(54) Guide wire 



(57) The guide wire (1 ) comprises a first wire (A) lo- 
cated on the distal side and having an appropriate elas- 
ticity, a second wire (B) located on the proximal side and 
having a flexural rigidity greater than that of said first 



wire and a tubular connector (1 2) for joining the first and 
second wires (A,B). The connector has grooves or slits 
formed in its portion on the distal side of a boundary 
(124) between the first wire A and the second wire B. 
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Description 

BACKGROUND OF THE INVENTION 



This invention relates to a guide wire, especially a ouide wir* .,c*h i~ ■ , 
devices to a target place in the body of a patient. ° 9U ' de 3 ° atheter ° r olher tubu,ar medlcaI 

A guide wire is used to guide a catheter in the treatment ™ th 0 
the treatment or examination tor the purpose "c* rlSSSS tnvasivenl?? V°?T °^ SUr9ery ' S diffiCUlt ° r h 
Transluminal Coronary Angioplasty) The ouide wire Sin .hi pt^? ,he b0dy SUCh as PTCA (Percutaneous 

the catheter is inserted into a ^ y^^!^^. m ^ nMn to P3SSed *™* th ^atheter before 
stenosed part in a blood vessel 9 6 ' S USSd l ° gu,de the cMMw to the vicinity of the target 

for trealm^ °" »• body pans on which open surgery is difficu,. or 

end portion o. thTguide befng ^^Tl^", 8 h vessel t098,her W " h ^ With the dis,al 

pan in a bloc veL. andguSS ^S^^^^'r^^i^ ? *" ,3r9et St6nOSed 

portion of the catheter has various sh^n^Q a^,^ ♦ ?u cai neter to the target stenosed part. The distal end 

is 0es.gr,,*,, and has . J*S *"** ,** Ca " ,<i "' 

organs in the body complicated shapes of blood vessels and other 

in combination), and kink resistance (property which resist! s , £f 9 " ° f ' heSe ,W ° P ro P erties 

coil, with an appropriate flexibility, attached around m ^l^^^'J^l* »** *** haS 3 me,al 
a proper amount of flexibility. Another guide wire "uses a ^ small-d.ameter core material to provide 

Conventional guide wires have a core m^rf a ?, I . super-elast.c alloy such as Ni-Ti as the core material, 
relatively high rigidly is ^Z^^^^S^^ single n^teria.. and a materia, with a 
. wire does not have sufficient flexibilitv On th* k,hZ I I 9 3 reSUlt ' ,he dlstal end P ortion of 9"'°e 

the flexibi.ity of ,h, distal E S^^^^^ZX^ ^ '° h ^ * ^ *° 
fore, it has been thought that is difficult tr, caticf,, ZT me i 0p i * ratab,ll1 y of ,he prox.mal end portion decreases. There- 

Toattackthisprobll^^ 
the distal end portion and proximal end oortion h-inn n r " aterial ,ormed of N, - Tl all °v. 'or example, heat-treated 
portion and the' rigidity o, t^ox ^ ,he flexibilit V °' »• distal end 

heat treatment; it is not always possible to give the Drox^maTenTnnL . T * C ° n,r01 °' fleXibMity by Such 
portion sufficiently flexible. Prox.mal end port.on a satisfactory rigidity, making the distal end 

satist^d^ *«■ with a tubular connector of Ni-Ti a.loy to . 

Paten, Appiication S Spin No 55£jS?2LT?, If, " 9 V ^ diS,a ' end POrti ° n is disc,osed in Ja P anese 
uniform rigidity over Z entire lenath f there rSt , . ' ° onnector of Ni " Ti all °y "«ed »n this invention has a 
and the stainless SS2 ^ ' T 6 h ,he ri9idi,y be,Ween ,he Ni ' Ti all °y wire 

- Ni-T, a„oy wire and the JS^^JSSS - *' ^ * 

SUMMARY OF THE INVENTION 

Open No.1 9929162 , has ^^^^^ST ^ " JaP3neSe ^ ^'i"* 0 " U " d 

-d^ 8 Srfg?fSTC JL**^ " **? ^ *« "* ca " b * wKh an 

safety during use. connector are formed of different materials, and which has an increased 



an a^S^r-^ wlf which TSZT? ' ^ ^ * '° Ca,ed 0n ,h6 diS « a ' Side and has 
that of said first wire. and^uT.ar ^nt^r 0^^^^ 3 hT^ 9rea,Sr «™ 

connector has grooves or slits or both d th om and secor, d wires, and characterized in that said 

wire and said second w ° e ' ' ^ POr, '° n °" thG diSta ' Side ° f a boundar V ^tween said first 

The second object is attained by a guide wire which comprises the first wire which is .ocated on the dista, side and 
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has an appropriate elasticity, the second wire which is located on the proximal side and has a flexural rigidity greater 
than that of said first wire, and a tubular connector for joining said first and second wires, and characterized in that 
said connector is formed of a material different from the material of said first wire, that the proximal portion of said first 
wire joined to said connector is provided with a thin metal coating as an adjuvant to joining, and that said first wire is 
joined to said connector by the portion provided with the thin metal coating by brazing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing an embodiment of the guide wire of this invention. 

Figure 2 is a diagram showing examples of the slits or grooves formed in the connector of the guide wire of this 
invention. 

Figure 3 is a diagram showing examples of connecting methods for the guide wire of this invention. 
Figure 4 is a diagram showing. the points of measurement of the flexural rigidity on and around the connector of 
the guide wire of this invention, and those on and around the connector of the comparison guide wire. - 
Figure 5 is a graph showing the result of measurement of the flexural rigidity. 
Figure 6 is a diagram showing an example of use of the guide wire of this invention. 
Figure 7. is a diagram showing an example of use of the guide wire of this invention. 
Figure 8 is a plan view of the guide wire of this invention. 

Figure 9 is a sectional view of the distal end portion of the guide wire shown in Figure 8. 

Figure 10 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
Figure 8. 

Figure 11 is an enlarged sectional view of the connector and its vicinity of the guide wire shown in Figure 8. 
Figure 1 2 is a sectional view of the distal end portion of another embodiment of the guide wire of this invention. 
Figure 13 is a partly-broken, enlarged externa! view of the connector and its vicinity of the guide wire shown in 
25 Figure 12. 

Figure 14 is a sectional view of the distal end portion of another embodiment of the guide wire of this invention. 
Figure 15 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
Figure 14. 

Figure 16 is a plan view of another embodiment of the guide wire of this invention. 
30 Figure 17 is a sectional view of the distal end portion of the guide wire shown in Figure 16. 

Figure 18 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
Figure 16. 

Figure 19 is an enlarged sectional view of the connector and its vicinity of the guide wire shown in Figure 16. 
35 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The guide wire of this invention is described below in detail by use of preferred embodiments with reference to the 
accompanied drawings. 

Figure 1 is a side view of the entire guide wire of this invention. 

A guide wire 1 comprises a first wire A located on the distal side and having an appropriate elasticity, a second 
wire B located on the proximal side and having a flexural rigidity greater than that of said first wire and a tubular 
connector 1 2 for joining the first and second wires A,B. The connector 1 2 has a groove( or grooves ) or a slit( or slits ) 
or both of them formed in its portion on the distal side of a boundary 1 24 between the first wire A and the.second wire B. 

The guide wire 1 of this invention has a wire main body (core wire) which is the main component of the guide wire 
1 . The wire main body consists of the first wire A at the distal side and the second wire B at the proximal side. The 
proximal side end of the first wire A and the distal side end of the second wire B are connected by being fitted in a 
tubular connector 12. 

The first wire A is a wire with elasticity. There is no special condition for the malerial for the first wire A, and various 
plastics and metals can be used. A super elastic alloy is preferable. By this construction, it becomes possible to endow 
the distal end portion of the wire main body with high operatability and kink-resistance without increasing the diameter 
of the first wire A. 

A super elastic alloy here means an alloy which exhibits super elasticity at the temperature at which it is used 
(body temperature, or around 37 °C). The super elasticity is the property possessed by certain alloys that allows them 
to return to their original shape after having been deformed (bent, extended, or compressed) to an extent such that 
55 normal metals are subjected to a plastic deformation. 

The preferable composition of the super elastic alloy is Ni-Ti alloy with 49 to 58 atomic percent of Ni, Cu-Zn alloy 
with 38.5 to 41 .5 weight percent of Zn, Cu-Zn-X alloy (X is at least one of Be, Si, Sn, Al, or Ga), or Ni-AI alloy with 36 
to 38 atomic percent of Al. Of these alloys Ti-Ni alloy is most preferable. 
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formed eo as to be e^a to ,hal ol me portion of Ihe fc, *i,e A fined in ,he wbula, eonneclor,2 * 

e as ifr^ U n S H,L a h C0 T C,0r !?• ln ,hS ShapG ° f 3 tUb6 ' connectio " °' the firs, wire A and the second wire B becomes 
easier, and the bending rigidity is made uniform in all radial directions oecomes 

used T as7o; S t hTf!r^ C Tf hT* T^' the tUbl " ar COnneCt ° r 12 ' and various P las »cs «d meta.s can be 
ngfdlt^s a eafe? han h^^h r ?° J™* B The ,ubular sector 12 is preferably made of a materia, whose 
second w?rL a A ' ^ ^ made of ,he same ° r sar ™ kind of materia, as the 

a n*Jul S cn?<TTt 1 i0yCan 66 USedaS ' 0r ,he ,ubula ' connector 12. The preferable composition of the super elastic 

of th^i^ I?? ° f '"I 0 ' 3 ' COnneC, ° r 1 2 iS 9reatSr ,han that °' the second wire B. on the other hand the rigidity 
o h! t?K r W ' re ma ' n b0dy COV6red by * hS tUbu,ar bonneclor 12 is 'he most part determined by the 2 dftv 

of the tubular connector 12 itself. As the result the change in rigidity at the boundary of the firs7w Te A and the Second 
wire B becomes smal.er. but the change in rigidity at the distal end o, the ,ubu.ar connector 12 on the M wfre A and 
that at the prox.mal end of the tubular connector 12 on the second wire B become larger instead Since a stress 

r:s:^ posit r at whic : there is a iar9e chanae in ^ *• ™^?^tz: v zz 

an^e decrees J ' '"^ sm °°^ to the dista, end portion, and the operatability and kink-resist- 

The material with about the same rigidity as the second wire B is preferable in order that the flexural rinidi.u of .ho 
wire i main body can be smoothed to change gradua.ly from the rigidity o, the first ZieAtotoX of the eSnd I wi re S 

y Furthe ^ °°TT 1 2 L b6CaUSe fi9idity ° f thS ,UbU,ar COnnec, °' 1 2 ™** — * made sma ter by processTno 
Further, ,n order to make connection of the tubular connector 12 with the first wire A or second wire B^/v IS 

s m el e nH ° r TT^ COnneC, ° r 12 " Pre ' erab,y the Same ° f the sa ™ kind o me 2. « ha, for the " st Z eA or 

foTth^rie B e mater,ai ,or ,he ,ubuiar connec, ° r 1 2 is more preferabiy the — - »• -—ssi 

wfthinThe'ran^ T"** 12 betWe6n ^ ""^ 3nd ,hS 6Xterbr Surface is P re ' erab 'V 

witnm the range of 0.02 to 0.06 mm, and more preferably 0.03 to 0.05 mm in order to make the wire main bodv haZ 

a necessary and sufficient strength and the operatability. y have 

In this invention, the connector 12 is provided with means for making the rigidity of the connector 12 chana* 

^^!^X^! 9 T- of ,he first wire A to,hat of the second wire B 5^SX22K 

; 2 2 1 of the connec,or 12 - as shown ^ - < 2 > - 

121 ofTe e connl? 0 MTr^ ° ther c Shapas or a ^ a ngement S may also be formed in the first wire-receiving portion 

to th! iv r T ' n F ' 9Ure 2; S " tS ° r 9rooves P arallel to the axis ((3) in Figure 2) those perpendicular 

to the ax.s ((4) ,n Figure 2), and those in a grid ((5) in Figure 2), for example perpendicular 

of ,h? r ,T? S be ,0rmed in eithCr the 6Xterior Surtace or the in,erior sur >ace of the first wire-receivinq portion 121 
that s, s b 0 ?;3H°: 12 B< T SH,S and 9r °° VeS ma ^ be to-ed though not shown in Figure 
wShJ .h! r, 9d aCr ° SS thS bo °ndary 124 between the first wire A and the second wire B In other 

the tcond w [°:i r0 ° Ve ' S ,OCa,ed ° n Pr ° Ximal ^ °' the A and is ™* P-^oned on the proximal end ol 



of tn!°f f ' Z T 9r °° VeS ° Ver ,hS boundar y 1 24 betw een the first wire A and the second wire B causes a decrease 
of the flexural rig.d.ty a. the boundary 1 24 and makes the guide wire prone to kink. decrease 
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These slits and grooves change the 'flexure) rigidity of the portion in which they are formed according to their interval 
or pitch. Therefore, it is possible to change the flexural rigidity smoothly from the flexural rigidity of the first wire A to 
that of the second w.re B by using a material having the same rigidity as that of the second wire B and forming slits or 
grooves in the interval or pitch which becomes smaller toward the end of the tubular connector 12 on the first wire A 
■side (distal end) and becomes larger toward the boundary 124 as shown in Figures 1 to 3 

The pattern (shapes and arrangement) of the slits and grooves is not limited to those shown in the Figures as a 
matter of course. . . 

It is preferable that the distal end portion 111 of the first wire A has an X-ray contrast material attached and is 
provided with a smooth coating of a synthetic resin or polymer material such as plastics so as to make the tip round 
By thus using an X-ray contrast material, the location of the distal end of the guide wire can be viewed on a monitor 
screen. The synthetic resin or polymer material coating 113 prevents the guide wire 1 from causing damaqe to the 
interior wall of a blood vessel by scraping. " 

It is preferable that the distal end portion of the first wire A becomes gradually smaller in exterior diameter toward 
the distal end. By thus making the exterior diameter of the distal end portion of the first wire A gradually smaller toward 
the distal end, it becomes possible to make the exterior diameter of the distal end portion 111 uniform when the X-ray 
contrast material 1 1 2 is attached to the distal end portion 1 1 1 and the distal end portion 1 1 1 is covered with the coating 
The guide w.re 1 of this construction can be inserted to an intended position easily and safely passing through the 
complicated shapes of branching and bending blood vessels. J 

The X-ray contrast material .112 may be a coil of wire of an X-ray opaque material such as Au or Pt which is wound 
on the distal end portion of the first wire A and buried in the coating 113,'for example. 

For the polymer material for the coating 113, polyethylene, polyvinyl chloride), polyester, polypropylene, polya- 
mide, polyurethane, polystyrene, polycarbonate, silicone rubber or other various elastomers, or a composite of these 
materials is preferable, and a material that has an elasticity equal to or smaller than that of the first wire A is especially 
preferable. - 3 

Further, it is preferable to form a layer of a hydrophilic macromolecule substance which exhibits luburicity in wet 
condition (not shown). This layer of a hydrophilic substance reduces the friction, making insertion of the guide wire 1 
easier and hence improving the operatability and safety for insertion. 

Hydrophilic macromolecule substances usable to form the hydrophilic layer are divided into natural macromolecule 
substances (starch, cellulose, tannin-iignin, polysaccharide, protein, for example) and synthesized macromolecule 
substances (PVA, polyethylene oxide, acrylic acid, maleic anhydride, phthalic acid, water-soluble polyester, ketone 
aldehyde, (meth)acrylamide, polyamine, poly electrolyte, water-soluble nylon, acrylic acid glycidyl acrylate) 

Of the above substances, celluosic macromolecule (hydroxypropyl cellulose, for example), polyethylene oxide 
macromolecule (polyethylene glycol), maleic anhydride macromolecule (maleic anhydride copolymer such as methyl 
vinyl ether-maleic anhydride copolymer), acrylamide macromolecule (poly(dimethylacrylamide), for example), water- 
soluble nylon (AQ-nylon P-70 produced by Toray Industries Inc., for example), or their derivatives are preferable be- 
cause their property of reliably reducing coefficient of friction in blood. Reduction of coefficient of friction by a layer of 
a hydrophilic macromolecule substance is described in detail in the specification of Patent Application Laid Open No 
1997-84871. K 

It is preferable that the second wire B is subjected to a treatment for reducing the friction which occurs from contact 
with the interior wall of the catheter used along with the guide wire 1. Specifically, this is attained by just coating the 
proximal end portion (basal portion) 131 at which the second wire B comes in contact with the interior wail of the 
catheter with a substance whose coefficient of friction is low against the material of the interior wall of the catheter 
(fluororesm such as polytetrafluoroethylene or silicone, for example). By thus reducing the friction against the catheter 
the operatability of the second wire B held in the catheter can be maintained without decreasing. 

Although there is no particular limitation to the diameters of the first wire A, connector 12, and second wire B the 
diameters (in average value) are preferably about 0.25 to 0.65 mm (0.010 to 0.025 inches), and more preferably about 
0.36 to 0.45 mm (0.014 to 0.018 inches) for a guide wire used for insertion of a catheter for PTCA operation. 

There is also no particular limitation on the method ol connecting the first wire A and the second wire B by means 
of the connector 12. It is preferable to join the first wire A with the connect 12 and the second wire B with the connector 
12, respectively. For example, the end surface of the first wire A cut at a predetermined angle (6) to the axes of the 
first and second wires A and B and the end surface of the second wire B cut in the same manner are put in contact 
with each other in the connector 12 and joined together. The angle 6 is 9 < 90°, preferably 0°<9g 45°, and more 
preferably 0.5° ^ 0 ^ 20° . By cutting the end surfaces of the first wire A and the second wire B at this angle with the 
axes of the first wire A and the second wire B, the change in the flexural rigidity at the end surfaces in contact with 
55 each other can be made smaller and hence the kink resistance increases. 

There is no particular condition for the method of joining, and ordinary methods such as spot welding by laser light 
can be used. There is also no particular condition for locations to be welded, as long as the locations extend over both 
sides of the boundary 124. Welding may be made over the entire length of the connector 12 or only over the regions 
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near the boundary 124 (excluding the region in which qrooves or slit* » • . 

increases. Further, when forming the connector 12 of the same stainless «t*. LVhT COn " ec,or 12 *P 'he first wire A 

M,w ™" 12 , a T e — * "" e 8 - ^ses^^s™^ we,aab "" y 

opposite directions with respect to the axis at the boundary 124 because of the SS.-™^! m - V 

F.gure 3 shows another connecting method and the procedure ooundary 1 24 gradual. 

l^loMMhtS S,ep ! (1) H ,0 h (5) ° f bu « seam we,din 9 wnich is one variation of butt resistance welding 

«■ otcs^ise: ^^L?r:rr^ machine not shown are shown - a ™ 

^SSMJ^it'T 1 1" 6 "T^ Wire B m ° Ved by 3 bu ° Weldin 9 machine towa '« each other to press 

^CSTp^^rr^ wi,h each o,her ' and ,he first wi re A and the ^ ^^SJSS 

be fined ovir the Joint " Pr6SSUred ""^ ar ° Und '° im " SCfaped 0ff so that ,he c — ^tor i 2 can 

Next in step (4), the connector 1 2 is slid over the joint 

.e Jne S ; a P dhesL h e e " " ^ * ^ ^ ^ A ,he — * "ire B a, »• -ds by means of a P re6e- 

^ZZ^^i:^^^ ^ ^ 0n,V ab ~ ibed ** raiding, but a,so bull seam 

-alu^S ^ "~ "» 1 ~ ab - w, become evident b y the 

wir/nfZ t Sh °, WS ,he P°| nts of measurement of the flexural rigidity of the connector 12 and its vicinity of the quide 
wire of this invention and those of a comparison guide wire vicmiy 01 me guide 

anri the ; rst wir n e A Used for ,he 9 uide wire 1 * formed of the aforementioned Ti-Ni alloy and the connector 12 
coLrisn W '? B * re ! ormed of the ^orementioned stainless steel. On the other hand, guide wir 1 S is a 
companson example, has the same construction as the guide wire 1 , except that slits are not formed in the connector 12 
The potnts of measurement of the flexural rigidity are indicated by arrows 1 to 14 shownTn Figure 4 lZ amom 

SZ^r^^^T arfOW 14 " 3 P ° int ° f mea ~t of theflexural second w 

nf o~h T a ' r ' 9,dlty W3S conduc,eo ' °y Putting fulcrums at the positions 1/2 inches on both sides 

press down the point of measurement between the fulcrums 2mm e« UB u ^ 

A T^e aZ^V, niJ * h- ^ 1 *"> POinXS ° f meastJ ^ment of the flexura. rigidity on the first wire 

wirl recJilin; ooln lt meaSUfemenl * the "«««■ ' »9i<% on the slit-formed region in the firs! 

S^SSTStaKJl^ C ° nne arr ° W 11 indiC3,eS 3 P ° im ° f measure ™"< of the flexura! rigidity on 

arrow 13 nd^rJ r CSMn9 P ° n, ° n °' ,he C ° nneCt ° r 1 2 ' The arrow 1 2 the boundary 124 The 

The ar row S » h 1 P measUrement of the ^xura. rigidity on the second wire-receiving portion of connector 1 2 

^^^JST 1 T 8 " 6 "^" 1 ° f f ' eXUral ri9idity ° n ,he S6C0nd Wire B < the 'arge-diameter portion).- 
The arrows 3 to 1 indi, ^ , ° ' nd ' Ca,e P ° imS ° f measurem ^. of the flexural rigidity of the firs, wire A. 

2 Z™e AVl£lT. T ° meaSU ; ement °' thS f,6XUral ri9id »* ° f ,he P orti - of th * 'onnector 1 2 enclosing 
me nrst wire A in wh,ch no slits are formed. The arrow 12 indicates the boundary 124 The arrow 13 indicates a ooint 

£h?l " 1easure " ,ent of ,he flexural r, 9'd'ty of the second wire B (larger-diameter portion) 

Table 1 shows the flexura. rigidities measured at the points indicated by arrows (1 to 1 4) on the guide wires 1 and 1 0. 



,0B38230A2J_> 



6 



« 



EP 0 838 230 A2 



Table 1 



10 



is 



Arrow 


1 


2 


3 


4 


5 


6 


7 


Guide Wire 10 (g) 


8.0 


8.0 


52.1 


52.1 


52.1 


52.1 


52.1 


Guide Wire 1 (g) 


8.0 


8.0 


8.6 


9.0 


12.0 


15.0 


18.2 


Arrow 


8 


9 


10 


11 


12 


13 


14 


Guide Wire 10 (g) 


52.1 


52.1 


52.1 


52.1 


54.6 


62.0 


72.5 


Guide Wire 1 (g) 


24.2 


38.8 


44.7 


50.1 


54.6 


62.0 


72^5 



Figure 5 shows the measured flexural rigidities on Table 1 in a graph. Flexural rigidities (g) are shown on the vertical 
axis of the graph, and the points of measurement of the flexural rigidity are shown on the horizontal axis by the arrow 
numbers 1 to 14. 

The following conclusions are obtained from the measured flexural rigidities. 
(1) Guide Wire 1 



20 



25 



30 



35 



40 



45 



SO 



55 



By forming slits in such a manner that the pitch of the slits changes from a large density (arrow 3) to a small density 
the flexural rigidities measured at points 3 to 10 change gradually and smoothly from the flexural rigidity of the first 
wire A to that of the no-slit region of the first wire-receiving portion of the connector 1 2; the measured flexural rigidities 
further change gradually and smoothly to the flexural rigidity at point 14 through that at point 13. It can be understood 
from this result that the guide wire 1 bends smoothly without kinking when bent. 

(2) Guide Wire 10 

There is a large difference between the flexural rigidities at points 2 to 3, and therefore it can be known that the 
guide wira 10 is prone to bend at a sharp angle when bent. 

The torsional rigidities of the guide wires 1 and 10 have similar tendencies to the flexural rigidities. 

The same measurement was made by forming grooves instead of the slits in the connector 12, and the same 
results were obtained. 

In this guide wire 1 of this invention, the rigidity of the connector 12 thus can be made to change have the rigidity 
of the connector 1 2 can be made to change smoothly from the rigidity of the first wire A to that of the second wire B. 
Specifically a large change in the rigidity is divided into smaller changes in the connector 12, and thereby the concen- 
tration of stress is reduced. This results in the improved operatability and kink-resistance of the guide wire 1 in com- 
parison to the guide wire 10. 

Figures 6 and 7 illustrate the manner the guide wire of this invention is used in the PTCA process. 

In Figures 6 and 7, indicated by reference number 4 is the aortic arch, 5 is the right coronary artery of a heart, 6 
is the right coronary artery ostium, and 7 is the target stenosed part. Indicated by the reference number 3 is a guiding 
catheter to introduce the guide wire 1 from the arteria fermoralis into the right coronary artery. Indicated by 21 is a 
balloon catheter equipped on the distal end portion with an expandable and contractible balloon for dilating a stenosed 
part. 

As shown in figure 6, the distal end portion of the guide wire 1 is made to protrude from the distal end of the guiding 
catheter 3 and inserted from the right coronary artery 6 into the right coronary artery 5. The guide wire 1 is further 
advanced and inserted into the right coronary artery with the distal end leading, and then stopped at the position where 
the distal end is advanced beyond the stenosed part 7 of a blood vessel. A path for the balloon catheter 2 is th us secured. 

Next, as shown in Figure 7, the distal end of the balloon catheter 2 is advanced beyond the distal end of the guiding 
catheter 3, further advanced over the guide wire 1 to be introduced from the right arteria fermoralis 6 into the right 
coronary artery 5, and stopped at the position where the balloon is placed in the stenosed part. 

Next, a fluid is injected into the balloon from the proximal side of the balloon catheter 2 to inflate the balloon 21, 
and the stenosed part is dilated by the inflated balloon. Plaque deposited on the arterial wall, such as cholesterol, is 
thus physically compressed against the arterial wall, and blocking of blood flow is eliminated. 

Although the guide wire of this invention is described above using embodiments shown in Figures, this invention 
is not limited to these embodiments. For example, the first wire A and the second wire B constituting the wire main 
body may be either solid or hollow, and may be formed of various resin materials such as polyimide, polyester, polyolefin 
(polypropylene, polyethylene, etc.), fluororesin, and polyurethane, in addition to metals such as aforementioned super 
elastic alloy, piano wire, stainless steel, and tungsten. The wire main body may also be formed of wires which are 
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made of two or more layers of different materials or properties • 

In the guide wire of this invention, as described above the rnno^w 
by forming grooves and/or slits in its portion on the proximal sid °C° T ° l ° haVe * Sm °° ,hly chan 9 in 9 **** 
wire.. P " me prox,mal s 'de of the boundary between the first wire and the second 

5 By forming the groove and/or slits so that their density increase inu^rH ,h« * . ■ - 

rigidity of the guide wire can be made to increase MneSTS ?T . * d ' S,a ' 6nd ° f the c °™eclor 12. the 
between the firs, wire and the second wire y he d ' Sta ' 6nd p0r,ion 01 ,he firsl to the boundary 

.he ssszx: ^r:^r:s ; 9reater ,han ,hat ° f the firsi wire - * 

» rigidity of the guide wire can be made to incase 'J^l^hT !° ^ 3 9radUa " y Changin 9 ri 9 id "* ,he 
end portion of the second wire. 7 6 P rox,mal er) d portion of the first wire to the distal 

Further, by forming the first wire of a super elastic mptai an n »h„ ^ • 
which has the distal end portion with a gooS f ex S v and IT T"* ° f 3 S,ainlesS s,eel ' a Buide wire 
gradually changing rigidity can be obtafned * P ° rti0n wi,h a hi 9 h "^y and has a 

^ «he £3S 2 ~' by we-ding, 

obtained by using appropriate materials for both wfres and the connect " K ™ A Can be 

- .be strength of connection ^£2Z£E^V£^ *" ^ " and 

.his ^zr^z:^ Ezszxrr and ,orm,n9 *™ s ° r sms in the — ■ 

differences in the connector and .hereby JsZtutls th The 'If Th ^ ^ °' ^ S6C ° nd Wire sma,,er 
.he proxima, end portion «o .he dis.a. end portion I made s^^r 1^ ,fansmission of -echanica, energy from 

* which has high operatability and kink resistance smoo,her . and hence th.s invention can provide a guide wire 

of ,he guide wire 51 shown in Figure 8 Rgure 1 0 is a oartlv bl ^ , " 3 SSCti0r1al VieW ° f th * diS,al end port '° n 
63 and i.s vicini.y of the guide.wife 51 shownTn Rgure 8 F curT i^T T T™' a PP eara "~ °< connector 

* and its vicinity of .he guide wire 51 shown in Figure 8 ^ SeCt '° nal VieW °' ,he c °™ec.or 62 

61 , and a connec.or 63 for cw™^^KS?6^^ f"* ^ 9rMter tha ° that ° f the firs < «*• 

different from .he firs, wire 61 . E?2^T££££2 ne «T "27 ^ ^"^'^ 63 h ,0rmed ° f 3 material 
with a thin metal coating 65 for aS^wSteTS^I? ' S COnnec,ed t0 ,he co "^c.or 63 is provided 

portion provided with the thin metal ci^ es ™ 61 * P ' ned by braZin 9 10 ,he conn "*or 63 by the 

The guide wire 51 of this invention has a wire main bodv im ro \ =c th^ 
wire main body consists of .he firs, wire 61 which toS^dSSS ~f, h " COniDOnenl of the 9"de wire 51 . This 
which forms .he proximal part of the wire main bo£^?^ f - ""^ ma ' n b ° dy and the second wire 62 
end portion 62a of the second wire 62 ^^^ InH ' !" d POrti0n 61 b °' ,he ,irst wire 61 ™* the distal 

The firs, wire 61 is a wke wrth Itadbil v Th!l con "ec.ed w.th the tubular connec.or 63. 

various plas.ics and ^ TSn t usee ^s^r X.icaSvT Z'h " ? ^ m3,erial ,he firSt ™ 61 ■ and 
possible to provide the distal end poto o l ll 's preferable. By us.ng a super elastic alloy, il becomes 
increasing the diameter of the flrst S ol ^ W ' th h * 9h °P era,abili ty and kink-resistance without 

.emptX T£X£ ttg£S£SX ^Zu^Z T wh , ich exhibi,s super elasflci * at - • 

by certain alloys tha. allows ,hem to return to substent alv xZr 1 1 J , T '* ,he pr ° per,y Pressed 

extended, or compressed) to an ex.en. such h a nnS V , ? 9 3 ' Shape af,er havin 9 been Reformed (ben., 

The preferable composition ^e SU p e r J^^Z?!-"? ^ l ° " P ' aSUC de '° rmation 

wrth 38.5 to 41 .5 weigh, percen. of Zn C 'Jal^!x ta f ° V T 49 '° 58 ^ PerCent °' Ni ' a,lo V ' 

to 38 a,om^ percen. o, £ Of these a.ioys S N i a.loy' ^S. & ' ^ A '' " Ga) ' " "'^ ^ ^ 36 

•he fi ~ ~nn:r^ - P- T -1 ■ - the first wire 61 . When 

elastic metal and the connec.or 63 of a stainless steef ^ S ' eXamP ' e ' ,he ^ Wire 61 is ,ormed of a super 
coating 65 for facilitating welding of IS Ac Au s o Pd lT' ,hem by Weldi "9- Therefo ^ a thin metal 

is formed on the externa, surface oMhe p^ox rn'en Tport toSlK^ " m ° fe m6,a,S ^'^^ ,r0m th6Se m6,a ' S 
wire 61 . P 31 ena por1lon 61 b (Portion connected lo the connector 63) of the firs. 

The firs, wire 61 and .he connec.or 63 are connec.ed by bra.ing solder filled be.ween .he in.erior surface of the 
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connector 63 and the exterior surface of the first wire 61 . For the brazing solder, Ag-Sn alloy, Sn-Pb alloy, Au-Ni alloy, 
and Sn-Pb-Ni alloy are preferable. 

By thus using a thin metal coating formed on the exterior surface of the distal end portion 61 b of the first wire 61 , 
the first wire 61 and the connector 63 can be joined firmly by brazing solder. The strength of the connection is high, 
and the guide wire has a high safety. 

To form the metal coating on the exterior surface of the distal end portion 61 b of the first wire 61 , vapor deposition 
of the metal to coat (vacuum deposition, for example), ion plating, sputtering, CVD (plasma CVD, electrolytic plating 
hydrolysis, pyrolysis, etc.), and dipping can .be used. Especially, vapor deposition (vacuum deposition, for example) 
ion plating, sputtering, plasma CVD, and electrolytic plating, which can be carried out at temperatures which do not 
affect the property of the super elastic metal used (specifically, methods which can be carried out below about 400°C). 
The thickness of the metal coating 15 is preferably about 1 to lOjim. 

The first wire 61 becomes gradually smaller in exterior diameter toward the distal end, and becomes more flexible 
toward the distal end. An X-ray contrast material 66 is attached to the distal end portion 61a of the first wire 61. For 
the X-ray contrast material 66, a coil of wire of an X-ray opaque material such as Platinum wire, for example, is pref- 
75 erable. 

A synthetic resin coating 67 is formed on the exterior surface of the first wire 61 excluding the distal end portion, 
or at least from the middle to the distal end of the first wire 61. This portion has about an uniform exterior diameter 
The tip of the synthetic resin coating is rounded approximately in a half sphere. 

For the polymer material used for the synthetic resin to cover the first wire 61 , polyethylene, polyvinyl chloride), 
polyester, polypropylene, polyamide, polyurelhane, silicone rubber or other various elastomers, or a composite of these 
materials is preferable. Materials that have flexibility and softness equal to or greater than those of the first wire 61 are 
preferable. 

Further, it is preferable that the exterior surface of the synthetic resin coating is covered with a hydrophilic macro- 
molecule substance which exhibits lubricity in wet condition. For the method of forming the hydrophilic coating, so 
called chemical deposition is preferable. By thus covering the exterior surface of the synthetic resin coating with a 
hydrophilic macromolecule substance, the friction when inserting the guide wire 51 is reduced, and insertion becomes 
easier. As the result, the operatability of the guide wire increases. 

Hydrophilic macromolecule substances usable for this purpose are divided into natural macromolecule substances 
(starch, cellulose, tannin-lignin, polysaccharide, protein, for example) and synthesized macromolecule substances 
(PVA, polyethylene oxide, acrylic acid, maleic anhydride, phthalic acid, water-soluble polyester, ketone aldehyde, 
(meth)acrylamide, polyamine. polyelectroiyte, water-soluble nylon, acrylic acid glycidyl acrylate). 

Of the above substances, celluosic macromolecule (hydroxypropyl cellulose, for example), polyethylene oxide 
macromolecule (polyethylene glycol), maleic anhydride macromolecule (maleic anhydride copolymer such as methyl 
vinyl ether-maleic anhydride copolymer), acrylamide macromolecule (poly(dimethylacrylamide), for example), water- 
soluble nylon (AQ-nylon P-70 produced by Toray Industries Inc., for example), or their derivatives are preferable be- 
cause of their reliability in reducing the coefficient of friction in blood. Reduction of the coefficient of friction by a layer 
of a hydrophilic macromolecule substance is described in detail in the specification of Patent Application Laid open 
No. 1997-84871. 

The second wire 62 is also a wire with flexibility. There is no special condition for the material for the second wire 
62. Various plastics and metals which have higher rigidity than the first wire 61, especially metals, are used. By using 
these materials, it becomes possible to provide the wire main body with the high operatability and kink-resistance 
without increasing the diameter of the second wire 62. 

The second wire 62 has a larger exterior diameter than the first wire 61 in order to increase the operatability and 
kink-resistance as shown in Figure 9. When using the second wire 62 with the external diameter larger than that of the 
first wire 61, it is preferable to make the external diameter of the distal end portion of the second wire 62 inserted in 
the connector 63 equal to the external diameter of the proximal portion of the first wire 61 inserted in the connector 63. 

The metallic material used for the second wire 62 includes stainless steel or piano wire, for example. The most 
preferable metallic material is stainless steel which has a high rigidity. Specifically, it is preferable to form the first wire 
61 of an super elastic alloy and the second wire 62 of stainless steel. By this construction, a guide wire which has the 
distal end portion with high flexibility and the proximal end portion with high rigidity and has a gradually changing rigidity 
can be obtained. 

It is preferable that the second wire 62 is subjected to a treatment for reducing the friction which occurs from contact 
with the interior wall of the catheter used together with the guide wire 51. Specifically, this is attained by coating the 
proximal portion 62b of the second wire 62 which comes in contact with the interior wall of the catheter, with a substance 
whose coefficient of friction is low against the material of the interior wall of the catheter (fluororesin such as poly- 
tetrafluoroethylene or silicone, for example). By thus reducing the friction against the catheter, the operatability of the 
second wire 62 passed through the catheter is improved. 

The tubular connector 63 has flexibility and is formed in the shape of a tube which has the opening to receive the 
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first wire 61 and the second opening to receive the second wire 62; both openings connect with each other By using 
he connector 63 in the shape of a tube/connection of the first wire 61 and the second wire 62 is made easier Further 
the flexural rigidity is made uniform in all radial directions. 

There is no special condition for the material for the connector 63. and various plastics and metals can be used 
as for the first wire 61 and the second wire 62. The connector 63 is formed of a material different from that of the first 
wire 61, taking the use of the guide wire into consideration. Further, it is preferable to form the connector 63 of the 
same or the same kind of material as that of the second wire 62 for connectability to the second wire 62 As the result 
stainless steel is preferable for the material of the connector 63. 

Although there is no particular limitation to the diameters of the first wire 61 , connector 63, and second wire 62 
the diameters (,n average value) are preferably about 0.25 to 0.65 mm (0.010 to 0.025 inches), and more preferably 
about 0.36 to 045 mm (0.014 to 0.018 inches) for a guide wire used for insertion of a catheter for PTCA operation A 
space to fill with a brazing solder is formed between the exterior surface of the first wire 61 and the interior surface of 
the connector 63. To form this space, the exterior diameter. of the first wire 61 is made smaller by about 0 01 toO 07 
mm than the interior diameter of the connector 63. This space can also be made by forming the cross section of the 
proximal end portion 61b of the first wire 61 in an ellipse, polygon, or other shapes 

The wall thickness ot the tubular connector 63 is preferably 0.02 to 0.06 mm, and more preferably 0.03 to 0 05 mm 

The proximal end surface ot the first wire 61 and the distal end surface of the second wire 62 are cut at a prede- 
termined angle (6) to a plane perpendicular to the axes of the first and second wires 61 and 62 as shown in Figures 9 
and 0. It is preferable to connect the first wire 61 and the second wire 62 holding the end surfaces of the first wire 61 
and the second wire 62 in contact with each other inside the connector 63. The angle 6 is e 90° preferably 0' < e 
fit! ' ^ ! Pre ' erably 0 5 ° = 6 = 20 ° The reason is '"at the change in the rigidity at the end surfaces of the 
obtained S 62 ^ °° ntaCt ^ ea ° h ° ,her ° an 66 decreased ' and hence a hi 9" kink resistance is 

To increase the strength of connection between the first wire 61 and the connector 63, grooves may be formed in 
the exterior surface of the first wire 61 or in the interior surface of the second wire 62. For the grooves, various shapes 
and arrangements, such as grooves extending in parallel with the axis of the wires, one or more helical grooves or 
grooves perpendicular to the direction of the axis of the wires can be used. Further, to increase the strength of con- 
nection by brazing solder 64, a rib may be formed at the proximal end of the first wire 61 as in the guide wire 90 shown 
in Figures 14 and 15. Figure 14 is a sectional view of the distal end portion of the guide wire of another embodiment 
of this invention. Figure 1 5 is a parfiy broken, enlarged external view of the connector and its vicinity of the guide wire 
shown in Figure 14. For the rib(s) for this purpose, it is preferable to form a rib in the shape of a ring and oblique to 
the axis of the first wire 61 as shown in Figure 14 at the proximal end ot the first wire 61 . Rib(s) in other shapes and 
arrangements, such as a ring-shaped rib or ribs perpendicular to the axis of the first wire 61 and a plurality of ribs in 
the shape of a half sphere scattered on the exterior surface of the proximal end portion of the first wire 61 

There is no particular condition for the method of connecting the connector 63 and the second wire 62 In this 
embodiment, the connector 63 and the second wire 62 are connected by welding to each other. For welding, welding 
by laser light can be used, for example. a ' 

There is also no particular condition for the welded portion 59, as long as they are on the proximal side of the 
boundary 68. Spot welding at several points are adequate, but it is preferable to dispose the points evenly around the 
axis in a ring as shown in Figure 10. The welded portion 69 may have an appropriate width as shown in Figure 10 It 
is also possible to weld the entire interior surface of the portion of the connector 63 which is in contact with the exterior 
surface of the second wire 62. Further, it is also possible to weld the proximal side end of the connector 63 

When forming the connector 63 of a stainless steel with a high rigidity, the wall thickness of the connector 63 can 
be made thinner. By terming both the second wire 62 and the connector 63 of a stainless steel with a high rigidity a 
good weldability can be obtained because of the sameness or similarity of their compositions 

Next, the guide wire 80 of the embodiment shown in Figures 12 and 1 3 is described below 

Figure 12 is a plan viewot the guide wire 80 of another embodiment of this invention. Figure 13 is a partly-broken 
enlarged external appearance ot the connector and its vicinity of the guide wire 80 shown in Figure 1 2 

The basic construction of this guide wire 80 is the same as the guide wire 51 described above The same compo- 
nents are assigned the same reference numbers, and the description of them are not repeated 

In this guide wire 80, the connection of the second wire 62 and the connector 63 is also made by brazing 64 For 
his connection, a space to fill with a brazing solder is formed between the exterior surface of the second wire 62 and 
the interior surface of the connector 63. To form this space, the exterior diameter of the second wire 62 is made smaller 
by about 0.01 to 0.07 mm than the interior diameter of the connector 63. Therefore, the distal end portion 62a of the 
second wire 62 and the proximal end portion 61 b of the first wire 61 are made to have about the same exterior diameter 
When forming the second wire 62 of the different material from that of the connector 63. a thin metal coating may be 
formed on the distal end portion 62a of the second wire 62 as on the proximal end portion 61 b of the first wire 61 
□escribed above. 
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Further, to increase the strength of connection, grooves may be formed in the exterior surface of the first wire 61 
or the interior surface of the connector 63. In the guide wire. shown in Figure 12, V-shaped grooves 83 extending in 
the direction of the axis are formed in the exterior surface of the first wire 61. Grooves of various shapes and arrange- 
ments, such as grooves extending in parallel with the axis, one or more helical grooves, and one or more grooves in 
the shape of a ring may be used. Grooves may also be formed in the distal end portion 62a of the second wire 62 in 
the same manner. 

A coil 81 wound in the same exterior diameter as the largest-exterior diameter portion of the first wire 61 is attached 
to the distal end portion of the first wire 61 by being secured by means of the head peace 82 in the shape of a half 
sphere. The coil 81 and the head piece 82 are formed by an X-ray opaque material such as Au or Pt. The proximal 
end of the coil 81 is fixed to the first wire 61 . The interior diameter of the coil 81 is larger than the exterior diameter of 
the first wire 61 , and a space is formed between the first wire 61 and the coil 81 except the proximal end portion of the 
coH 81. The coil 81 and the first wire 61 may be secured together at the middle position of the coil 81. Further, the 
exterior surface of the coil 81 may be covered with a thin synthetic resin coating. For this synthetic resin coating, the 
same synthetic resins as used for the above-described guide wires can be used. Further, it is preferable to cover the 
synthetic coating with an above-described hydrophilic macromolecule substance. 

It is also possible to form thin metal coating on the distal end 61c of the first wire 61 to which the head piece 82 is 
attached and on the distal-side tapered portion 6ld of the first wire 61, and to connect the head piece 82 and the 
proximal end of the coil 81 thereto by brazing. 

Further, in the above guide wire 51 , the construction of the distal end portion of the guide wire (the exterior con- 
struction of the first wire 61 ) may be the same as that of the above guide wire 80. 
Next, the guide wire 100 shown in Figures 16 to 19 is described below. 
Figure 16 is a plane view of the guide wire 100 of this invention. Figure 17 is a sectional view of the distal end 
portion of the guide wire shown in Figure 16. Figure 18 is a partly broken : enlarged external view of the connector and 
its vicinity of the guide wire shown in Figure 16. Figure 19 an enlarged sectional view of the connector and its vicinity 
25 of the guide wire shown in Figure 16. 

The basic construction of this guide wire 100 is the same as the guide wire 51 described above. The same com- 
ponents are assigned the same reference numbers, and the description of them are not repeated. The points in which 
the guide wire 100 differs from .the above guide wire 51 are only the shape of the connector 1 03 and the method of 
connection of the first wire 61 and the connector 103. 

The guide wire 100 for catheter of this embodiment comprises the first wire 61 which is disposed at the distal side 
and has flexibility, the second wire 62 which is disposed at the proximal side and has rigidity greater than that of the 
first wire 61, and a tubular connector 103 for connecting the first wire 61 and the second wire 62 which is formed of a 
material different from that of the first wire 61. The first wire 61 has a thin metal coating 65 for connection to the 
connector 1 03 formed on its proximal end portion connected to the connector 103. The first wire 61 and the connector 
103 are joined together by brazing solder 64 by making use of the thin metal coating. 

A thin metal coating 65 is formed on the exterior surface of the distal end portion 61b of the first wire 61 as in the 
above guide wire 51. For the material for the thin metal coating 65, Ni, Ag, Au, Cu or Sn, or an alloy of two or more 
metals selected among them is used. 

The connector 103 has the opening to receive the first wire 61 and the second opening to receive the second wire 
62; both openings connect with each other, the entire connector 103 being in the shape of a tube. 

The connector 103 has a first slit 104 in the distal end portion. Specifically, the first slit 104 extends from the distal 
end to the middle part of the connector 103. This first slit 104 is a helical slit. 

In the guide wire 100, the second wire 62 is made of a metal whose rigidity is greater than that of the first wire 61 
and the connector 103 is made of the same or same kind of material as the second wire 62. The connector 103 has a 
slit, therefor the rigidity of the guide wire 1 00 provided the connector 103 is made to increase smoothly from a proximal 
end portion of the first wire 61 to a distal end portion of the second wire 62. 

The connector 103 has a second slit 107, a separate slit from the slit 104, is formed on the proximal side of the 
first slit 104, that is, near the middle part of the connector 103. This slit 107 is also a helical slit. The second slit 107 
has a wider width than the first slit 104 and serves as the opening for pouring brazing solder 64. The second slit 107 
may be not a helical slit, but a plurality of separate short slits. It is preferable that this second slit 107 does not extend 
toward the proximal side beyond the boundary 68. 

The first wire 61 has the first proximal end portion 1 05 of approximately the same exterior diameter as the interior 
diameter of the connector 103 and the second proximal end portion 106 which further extends from the first proximal 
end portion 105 to the proximal side and form a space to fill with brazing solder between its exterior surface and the 
interior surface of the connector 103. In this example, the second proximal end portion 106 has an external diameter 
smaller than the interior diameter of the connector 103. The space to fill with brazing solder may also be formed by 
forming the cross section of the second proximal end portion 106 in ellipse, polygon, or other shapes. 

The second slit 107 serving as the opening for pouring brazing solder 64 is located above the space to be filled 
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with brazing solder and communicates the space with the outside. A rib 91 is formed at the proximal end of the first 
w.re 61. To increase the strength of connection, one or more grooves may be formed in the exterior surface of the 
second proximal end portion 106 of the first wire 61 or in the interior surface of the portion of the connector 103 which 
forms the space to be filled with brazing solder. For the grooves, various shapes and arrangements, such as grooves 
extending ,n parallel with the axis of the wires, one or more helical grooves, or grooves perpendicular, may be used 

Punher, the distance between the adjacent slits, or the pitch of the first slit 104, may be changed to change the 
rigidity^Specifica ly the pitch of the slit 104 is made so as to become smaller toward the distal end of the connector 

nf ' I , u 4 b6COmeS laf9er tOWafd the diStal end of the c °™ector 103. By thus forming the first slit 

104. the rigidity -of the connector 103 becomes gradually smaller toward the distal end. the deformation of the distal 
end portion of the guide wire becomes smoother. It is also possible to form two or more helical slits instead of a single 
slit. Further, two or more slits in parallel with the axis may be formed in place of the helical first slit 104 When forming 
two or more slits in parallel with the axis, it is preferable to make the width of the slots wider at their proximal end 
Further, the first slit 104 and the second slit 107 may be connected to each other. 

When forming the first slit 1 04 and the second slit 1 07 in a single continuous slit, it.is preferable to make wider the 
width of the second slit 107 than that of the first slit 1 04. 

Brazing solder is poured through the second slit 107 into the space formed between the connector 103 and the 
second distal end portion 106, as shown in Figures 18 and 19. The brazing solder fills the space and the second slit 
07. Thus the first wire 61 is firmly connected to the connector 103. The brazing solder 64 does not fill the first slit 
04,and the space formed by the first slit 104 is left unfilled. The portion of the connector 103 in which the first slit is 
lormed is not connected to the first wire 61. 

The guide wire of this embodiment has a flexible portion at the distal side of the connector 1 03 which is formed 
by the first slit 104 formed therein. Therefore, kinking of the guide wire at the distal end of the connector 103 can be 
prevented. Moreover, the guide wire can bend at the at the distal end of the connector 1 03 can be prevented Moreover 
since the guide wire can bend at the distal end of the connector 103, the operatability of the guide wire is improved 
Inparticular.the distal end portion of the connector 103 in which the first slit is formed is not connected to the first wire 
61, the guide wire of this embodiment has high kink resistance and operatability. 

As understood by the above description, this invention makes it possible to connect the first wire and the connector 
formed of different materials together with an adequate strength, changing the rigidity gradually and smoothly from the 
rigidity of the first wire to that of the second wire. Especially, by forming a thin metal coating on the exterior surface of 
the proximal end portion of the first wire which is held in the connector, the first wire and the connector can be firmly 
connected by brazing if the first wire and the connector are made of different materials. Therefore, the guide wire of 
this invention has an improved operatability and a high safety. 

Claims 

1 . A guide wire, comprising a first wire which is located on a distal side and has an appropriate elasticity, a second 
wire which is located on a proximal side and has a flexural rigidity greater than that of said first wire and a tubular 
connector for joining said first and second wires, and characterized in that said connector has one or more grooves 
or slits or both ol them formed in its portion on the distal side of a boundary between said first wire and said second 
wire. 

2. The guide wire of claim 1 wherein the flexural rigidity of and around the proximal end portion of said first wire 
connected to said connector changes smoothly along the direction of the length. 

3. The guide wire of claim 1 wherein the flexural rigidity of the portion of the connector on the distal side of the 
boundary between said first wire and said second wire changes smoothly along the direction of the length. 

4. The guide wire of any one of claims 1 to 3 wherein the density of said one or more grooves or slits formed in the 
first wire-receiving portion of said tubular connector becomes larger toward the distal side end of said tubular 
connector. 

5. The guide wire of any one of claims 1 to 4 wherein said second wire is formed of a metal, and said connector is 
formed of the same or the same kind of material as said second wire. 

6. The guide wire of claim 5 wherein said first wire is formed of a super elastic metal and said second wire is made 
of a stainless steel. 
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7. The guide wire of any one of claims 1 to 6 wherein said first wire and said connector, and said second wire and 
said connector are joined by welding. 

8. The guide wire of any one of claims 1 to 7 wherein the abutting end surfaces of said first and second wires are 
5 oblique to a plane perpendicular to the axes of said first and second wires. 

9. The guide wire of any one of claims 1 to 8 wherein said second wire is made of a metal whose rigidity is greater 
than that of the first wire and said connector is made of the same or same kind of material as said second wire, 
and the rigidity of the guide wire is made to increase smoothly from the proximal end portion of said first wire to 
the distal end portion of said second wire. 



w 



15 



10. A guide wire comprising a first wire which is located on the distal side and has an appropriate elasticity, a second 
wire which is located on the proximal side and has a flexural rigidity greater than that of said first wire, and a tubular 
connector for joining said first and second wires, and characterized in that said connector is formed of a material 
different from a material of said first wire, that a proximal portion of said first wire joined to said connector is provided 
with a thin metal coating as an adjuvant to joining, and that said first wire is joined to said connector by the portion 
provided with the thin metal coating by brazing. 

11. The guide wire of claim 10 wherein said first wire is formed of a super elastic metal and said thin metal coating is 
20 formed of Ni, Ag, Au, Sn or Pd, or an alloy of two or more of these metals. 

12. The guide wire of claim 10 or 11 wherein said connector is formed of a stainless steel. 

1 3. The guide wire of any one of claims 1 0 to 1 2 wherein said connector and said second wire are formed of a stainless 
25 , steel and joined by welding. 

14. The guide wire of any one of claims 10 to 13 wherein the abutting end surfaces of said first and second wires are 
oblique to a plane perpendicular to the axes of said first and second wires. 

30 15. The guide wire of any one of claims 10 to 14 wherein a slit are formed in the proximal end portion of said connector. 

16. The guide wire of claim 15 wherein said slit is formed of a helical slit. 

17. The guide wire of claim 15 or 16 wherein at least a distal end portion of said slit-formed portion of said connector 
35 is not joined to said .first wire. 

18. The guide wire of claim 16 or 17 wherein the flexural rigidity of the portion of the connector on the distal side of 
the boundary between said first wire and said second wire changes smoothly along the direction of the length. 
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19. The guide wire of any one of claims 16 to 18 wherein said second wire is made of a metal whose rigidity is greater 
than that of the first wire and said connector is made of the same or same kind of material as said second wire, 
and the rigidity of the guide wire is made to increase smoothly from the proximal end portion of said first wire to 
the distal end portion of said second wire. . * 
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